Abstract
Introduction
Traceability, a major issue in software engineering, is seldom present at the initial requirements engineering process. This paper reports on a proposal for adding a scenario view to the requirements baseline model [ll] , in which evolution is the major driving factor. The scenario view should evolve, as part of the requirements baseline, along with the software construction process. The baseline is perennial, so scenarios will change as the software development progresses. The baseline can not be considered as the requirements specification. The specification will be built based on the information contained in the baseline.
Our understanding of scenarios is a combination of a series of ideas presented in the literature [a] [22] [19] [8] [18] to which we added four main concepts:
a scenario starts by describing situations in the macrosystem, and its relation with the outer system. That is, we first consider the interfaces of the macrosystem, and then describe the interfaces of the software with its macrosystem. ' This work is supported in part by CNPq grant n.
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e scenarios are naturally linked to the LEL (Language Extended Lexicon) [lo] and to the basic model view (BMV) of the requirements baseline P11.
e a scenario describes situations, with an emphasis on the behavior description. Scenarios, similarly as the BMV, uses natural language description as its basic representation.
The Language Extended Lexicon is a meta model designed to help the elicitation of the language used in the macrosystem. This model is centered on the idea that a circular description of language terms improves the comprehension of the environment (the macrosystem), see Figures 1 to 4 as an example.
The basic model view BMV) is a structure which These sentences are written in natural language following defined patterns. Figure 5 , using an entity relationship notation, shows the basic conceptual model behind the basic model. Our scenario model view is a structure composed of goal, context, resources, actors and episodes. Goal, context, resources and actors are declarative sentences. Episodes are a set of sentences according to a very simple language that makes it possible the operational description of behaviors.
The addition of a scenario view to the requirements baseline made it possible to uncover a series of aspects to which neither the LEL nor the basic model view gave particular attention. The explicit introduction of goals, the relationship between resources and the identification of actors enriched t h e requirements baseline extending its static amplitude. The episodes gave the requirements baseline a representation capable of dealing with behaviors aspects. For instance, in the basic model view we had actions and external events linked to this action in a sequential fashion, however it was not possible to represent conditions, exceptions or parallel events. A language able to express such situations makes it possible that the episodes better mirror what does happen in the macrosystem.
incorporates sentences a b out the desired system. If for one side the addition of a scenario view augments the expression power of the requirements baseline, it is also the case that it improves the traceability capability of the baseline. For instance having links to actors, resources and episodes of the macrosystem helps to anchor the origins of the requirements. Gotel [5] has pointed out that most of the research and use of traceability methods and tools does happen after the availability of a software specification. We understand that part of our work addresses this issue. Unlike other proponents of pre-traceability models [17] , we did not make explicit the link to a requirements specification. We understand that the construction of a requirements specification is a process that comes after the availability of a requirements baseline.
Our text organization follows Parnas advice[ 161, that is, we present the proposal as it should be, which is not exactly how we used in our case studies. As such, the proposal described and exemplified in Section 2 is the result of cleaning up several aspects observed during the process of using the proposal in a real case. The same applies to Section 3, where we describe how scenarios evolve. It is important to note as well, that our description focuses on the representation, its navigation (presentation) and how it can be managed from the point of view of traceability. We do not focus on the process of producing the scenarios, nor the LEL, nor the basic model, this is treated elsewhere [l] [9] [lo] [14] . At Section 4 we briefly describe observations about the use of scenarios and how we reached the result presented at the previous sections. We conclude stressing our contribution and linking our work to the work of others. It is mister to note that the configuration view and the hypertext view are orthogonal to the other three. These views may be seem as indispensable support services to be provided by the baseline in order to guarantee traceability (configuration view) and access to the stored information (hypertext view). The hypertext support works as an integrator of the lexicon, the basic model and the scenario views, enabling the definition of links between these views.
The Requirements Baseline Concep-

LEL, the Lexicon View
The Language Extended Lexicon is a representation of the symbols in the problem domain language. The LEL is anchored on a very simple idea: understand the language of the problem, without worrying about understanding the problem [lo] . It is a natural language representation that aims to capture the vocabulary of an application. The Lexicon main goal is to register signs (words or phrases), which are peculiar to the domain. Each entry on the lexicon has two types of descriptions, opposed to the usual dictionary which has just one type. The first type, called Notion, is the usual type and its goal is to describe the denotation of the word or the phrase. The second type, called Behavioral Response, goal is to describe the connotation of the word or the phrase, that is, it describes extra information on the context at hand. Besides using this extra information, LEL construction heuristics forces the use of links between the entries in the lexicon.
Over this basic representation, we established two major principles.
When describing a notion or a behavioral response maximize the use of the signs of the language extended lexicon. We call this the principle of circularity.
When describing a notion or a behavioral response minimize the use of signs exterior to the target domain. When using external signs make sure that they belong to the basic vocabulary of the natural language in use, as well as, as much as possible, have a clear mathematical representation (eg. set, belongs, intersection, function). We call this the principle of minimal vocabulary.
By imposing the principle of minimal vocabulary and the principle of circularity we are forming a selfcontained set with several links between its elements, thus forming a graph. This graph is in reality a hypertext document, where the authoring rules are the structure of LEL and the two principles. We designed a customized hypertext system lo], HyperLex, which to its use. HyperLex not only provides support for the acquisition of lexicons but also provides reports on several statistics regarding the hyperdocument.
Figures 1 to 4 exemplify the use of the lexicon and are based on the passport emission domain1 [9] .
Basic Model View
The basic model uses the entity relationship framework [4] as a representation language, and is pictured at Figure 5 . Figure 6 provides an example in the passport domain.
The Scenario Model View
In the same style of the basic model view [ll] we describe the scenario model using the entity relationship framework [4 . Figure 7 shows the entity relationline. Note in the entity relationship diagram, that an episode' can be explained as a scenario itself, thus enabling the possibility of decomposition o f a scenario in sub-scenarios. -It is a sector of the Documents a n d Certificates Division.
-It is where the citizen picture is taken and charged.
-The form is stamped with the same number as the picture.
-The citizen receives two pictures.
-The P i c t u r e cabin clerk archives the third picture. -In the case of request new passport the dactyloscopy form is archived.
-In the case of request passport renewal the Dactyloscopy Divison checks the fingerprints in the form with the dactyloscopy form.
-In the case of problems with the fingerprints the citizen has to be directed to the Revision Division.
Form
U o t i o n :
-It is a preprinted paper a citizen uses to request -It registers the citizen data.
a new passport or request passport renewal.
-It is filled by the citizen.
-It is stamped by the cashier clerk.
-It is stamped by the picture cabin clerk.
-It is filled, signed and stamped by a General Index -It is filled, signed and stamped by a Dactyloscopy -It is appended to the folder.
-The s t u b is teared from the form.
Division clerk.
Division clerk. -It is the bottom part of the form needed to receive the passport.
-It has the citizen identification.
Behavioral Response:
-It is signed, stamped and delivered to the citizen -The citizen presents it to the Delivery Sector in at the Reception Cabin.
order to receive the passport. Ex: Request a new passport.
(Phrase)
0 Goal -Is an objective to be achieved in the macrosystem. The scenario descrlbes the achievement of the goal. It is described by the following structure.
[Subject1 + Verb + Predicate.
Ex. Charge the c i t i z e n the passport f e e .
(Verb) (Predicate) The most important attributes of our ER model are the Constraint and the Exception attributes. A Constraint is a scope or quality requirement referring to a given entity. It is represented by a short sentence with the following structure: MUST + Verb + Predicate.
An exception causes serious disruption in the scenario, asking for a different set of actions, described in separate as exception scenarios. It is represented by a short sentence, or by a small paragraph and usually reflects the lack or malfunction of a necessary resource.
The terms: Name, Location, Subject, Verb, Predicate, Actor and Resource can be chosen from the Language Extended Lexicon table, a structure that makes it possible the usage of a controlled vocabulary.
Below we give a scenario description related to the BMV of Figure 6 and one sub-scenario of the R E Q U E S T A NEW PASSPORT scenario. This sub-scenario is described in graphical form (Figure 8) .
TITLE:
Request a New Passport. 
The Hypertext View
The hypertext view is orthogonal to the BMV, LEL and SMV. The use of hypertext for the BMV is described in l l and the LEL, itself a hypertext, is described in I \ 10 . Here we will focus on the hypertext view from the scenario standpoint.
There are many relationships to be explored among scenarios and among scenarios and other components of the requirements baseline. From each scenario we derive one or more hypertext nodes which are related by hypertext links. We may have one node class for each type of entity defined in the scenario model (Figure 7) . Links in turn are derived by three different forms:
e from existing structural relationships among scenarios, for example the relationship sub-scenario, from information in the LEL table and e defined opportunistically
The reason why hypertext nodes are derived from scenarios is that we can build different views of the same scenario according to the user profile or task, e.g. given the scenario REQUEST A N E W P A S S P O R T we could define a view that is useful for a user, another view for a software engineer, and so on. Each view defines a hypertext node and the set of nodes and links define the hypertext. This approach is now usual in modern hypermedia design approaches E201 [all and allows us, for example, to concentrate all information we want from an scenario in a composite node containing: Title, Goal, Context, and Resources as attributes and the set of cantext is bounded by Gcd has -e,,isodes as ,,arts of thlj&&yg &&pe.J&antiated Scenario View able by following structural links. When episodes are themselves scenarios we have an interesting navigation pattern that will be described below.
As we may have a large number of nodes (scenarios, sub-scenarios) and relationships, the hypertext model is organized in navigational contexts, i.e. set of nodes that are closely related with each other and that we intend to navigate in a straigthtforward way. Some navigational contexts are derived from the compositional structure of scenarios as defined in the scenario meta model; for example we will have the navigational context formed out with all sub-scenarios of a given one and will have corresponding links allowing to reach the first of this set and each member of the set (even recursively, see Figure 9 ). Note that we have added links among the components of of scenario A. When we are navigationg this context, the episodes of A, we understand that all components are connected by the nezt link, induced by the compositional structure of A, and the same is true for A.1.
Another interesting context is derived from information contained both in the scenario an in the LEL. For example we could select an entry in the LEL table representing a resource in the scenario model and find all scenarios using that resource. These nodes may not be related with a hierarchical relationship existing in their conceptual counterparts as in the previous case, though their corresponding nodes will be organized in a similar way, i.e as a set with a naviagtion strategy allowing to navigate the whole set easily. Others interesting relationships arise when we take into account the configuration view, such that we could build a set formed out with the different versions of a scenario. Note that the same scenario may be navigated in dif- It is important to note that by separating scenarios from scenarios views (the hypertext nodes) we can provide a different appearance to different user's profiles and can organize the hypertext navigation according to each user's need. For instance, we would not define a navigational context: versions of a given scenario for some kind of users, meanwhile we will surely define this context for members of the software engineering team.
We have enriched the concept of LEL We may also want to link two scenarios that are not related structurally, i.e. the sub-scenario of conceptual relationship, or such that they do not share some item in the LEL This kind of link is not generated automatically in our model and must be explicitly described. It may happen when we discover a new term that may be considered for further inclusion in the LEL-talbe. We use an approach similar to [11] by using a Delta-table and thus reducing this kind of navigation to the formely described.
Finally, as we said before, scenarios are linked to nodes representing entries in the LEL table and to nodes reflecting information in the Basic Model View. Entries in the LEL table appear in a scenario node as hotwords, for instance, Form in the scenario REQUEST A NEW PASSPORT is defined by the LEL, Figure 3 , and is used at the BMV described at Figure 6 . Figure 11 gives an example of the navigational possibilities of our baseline. It is interesting to note that by providing a rich set of navigational contexts and links we are somehow replacing the need to define specific queries to the baseline meta models.
2.5
The Configuration View
The configuration view is essential in order to mantain the traceability of the products and their revisions. The LEL, the BMV (Basic Model View) and SMV (Scenario Model View) are all subject to a configuration and version control. At a given time a view from the baseline may be requested based on the actual configuration or in past configurations. Each version of each model keeps the followin information: date, time, person making the change puser), reasons for the change (change trigger, date of trigger, authorization) and type of change (input, modification, exclusion).
The consistency of the configuration is warranted by consistency constraints determined by each model. As such, change operations trigger a process for consistency checking responsible for the consistency of a given configuration. If, in the SMV, an episode is ex- cluded, and if it is described as a sub-scenario, the sub-scenario must to be excluded as well. The example of the configuration view is given below at Section 3, where we stress the evolving aspect of SMV.
Scenario Evolution
We have taken the episode Fingerprint Cabin clerk takes cztszen's fingerprznts from the scenario REQUEST A NEW PASSPORT to show how a scenario evolves from a pure macrosystem view to the one that deals with the interface with the future computer system, to which we are defining the requirements. After the two versions we show the use case [8] representation for describing version 2 ( Figure 12 ). Our work regarding scenario evolution is at its early stages, but we believe that the usage of a hypertext and a configuration management approach will be the a solid ground to study aspects of interconnection between evolving scenarios.
Below we have Version 1, with the following information:
Date: 15 Fingerprint Cabin clerk takes citizen's fingerprints.
GOAL:
Obtain citizen's fingerprint identification. Form, which must have been previously checked. Ink. Dactyloscopy form, must be present if citizen has no prior identification.
EPISODES:
Citizen gives the form to clerk. If citizen has no prior identification, Then clerk prints the citizen's fingers on the dactyloscopy form. Clerk prints the citizen's right thumb on the form. Citizen cleans his/her hand in paper towel. Clerk returns the form to the citizen. If citizen has no prior identification, Then clerk returns the dactyloscopy form to the citizen. # Machine prints the fingerprint on the form.
Machine saves the information on the database. Constraint: Save must be done in less than four seconds. to evolve scenarios towards testing strategies. Our first step was to investigate an initial representation for scenarios. We decided that Leite's previous work on natural language based representations for requirements could be used a starting point. So we went on and started to look of how scenarios could be defined at the same level of abstractions as the LEL and the BMV.
Once decided to integrate the scenario into the requirements baseline, we established a plan with the following steps: The revision of the literature confirmed our hypothesis that we had an innovative view of scenarios. The basic representation we have sketched did not have a standard for episode description, neither constraints nor exceptions. We also did not have a very clear idea of how to deal with scenario decomposition. We used the scenario in the restricted elevator problem [7] [l] and then decided to use the Argentina passport emission as our domain. A first team elicited the scenarios departing from the LEL without using the BMV [9] , and the other team constructed the BMV for the domain and anchored the construction of the scenarios on the BMV [12] .
The case study reported in [9] used unstructured and structured interviews to have a first version of the LEL, which was validated with the user (employees of the Argentina Passport Bureau, Polacaa Federal).
From observations, structured interviews and the LEL scenarios were constructed. The construction of scenarios led to some changes in the LEL. The LEL has 34 entries. The group decided to ive emphasis on the entities (objects, actors and state4 and less on process (actions) on the LEL entries, so several verbal phrases pertaining to the problem were not included in the LEL, but were present in the scenarios. In describing the scenarios the group listed 24 scenarios, being 20 sub-scenarios, with an average of 5 episodes each. The group also has found out the necessity of using special comments, not previously planned, to register alternative cases and restrictions, which we then renamed as exceptions and constraints. The group also pointed out the necessity of having the different types of sentences, since we have only thinked on sequential phrases, so we have included the non-sequentzal sentence and the conditional sentence in the grammar for episodes. Another finding was that the hierarchical structure of scenarios was an important aspect in organizing scenarios. The overall impression of the team conducting the case study was that the scenarios substantially helped the comprehension and description of the domain and that the integration with the LEL was straightforward.
The case study reported in [12] had the other group as their main source of information about the domain, but have also used direct observation in order to have a better understanding of the domain. This group did not use the LEL directly. They built the BMV from the information available to them. The resulting BMV had 8 actions and 26 external events. The group decided to focus only on the actor solzcztante, which in the english version we called citizen, because doing so, they would concentrate on the interface between the external world and the macrosystem. From the BMV the group described 8 scenarios. They have not organized the scenarios in a hierarchical way, all the scenarios described were atomic, with an average of 4 episodes each. In this exercise the group came out with a general set of heuristics to compose the skeleton of a scenario. These heuristics help the definition of title, goal, resources and actors, so the elicitation of episodes can occur in a bounded context. For instance, an action gives the title of the scenario, the input can provide hints for resources, as the client points to one of the actors. The group also helped the definition of CONTEXT, noting that besides the geographical location it was necessary to point to an important initial state previous to the happening of a scenario. This group centered their scenario on the workflow of the passport emission, and did not dealt explicitly with constraints and exceptions. This group also produced an evolution of half of the scenarios detected, thus changing the focus to the interface of the macrosystem and the computer system that would help the process of passport emission. This evolution was performed using common sense, that is it does not represent a real situation.
Overall we confirmed that scenarios are an important tool for the requirements engineer, not only because of the natural way in which they describe behavior, but because they force the software engineer to map the macrosystem in which the future software will work. The case studies confirmed our hypothesis that scenarios must be in the requirements baseline, and that their link with the BMV and the LET, can be achieved without a lot of effort. We have also learned some on how to evolve scenarios and that we must have a hypertext system to make this requirements baseline usable. The case studies were not conducted with the hypertext support, which is under construction. Regarding the elicitation aspect, our strategy of maintaining the application vocabulary has helped the task of elicitors as well as the task of validation.
Conclusion
We have presented a proposal to integrate scenarios into a requirements baseline, making possible their evolution as well as the traceability of the different views of the requirements baseline. Our proposal is innovative in three important aspects: the use of scenarios as means for evolution, the vision that scenarios start from situations in the macrosystem, and the integration of its representation in an environment oriented towards hypertext navigation and configuration management. Our proposal is an evolution of work being performed at PUC-Rio, where the main focus is using natural language descriptions to help the elicitation and modeling of requirements. The case studies performed helped us tunning the scenario view as well as confirmed the properness of the LEL and the BMV as requirements representation models.
Our work was influenced by several authors, in particular; [2], [22] , [19] , [$] and [18] . From Rubin and
Jacobson we have been convinced of the importance of scenarios to better describe object behavior, and the importance of tracing this behavior to interfaces aspects of the software system. Carrol gaves us a better understanding of the cognitives aspects of scenario based development, as well as a confirmation of our idea that scenarios should be born in the macrosystem (Universe of Discourse) and not only at the interface of the software system. This idea was also re-enforced by the work of Zorman, that well defines scenarios as situations. From Zorman we also used her survey of scenarios representations. Potts showed us the importance of relating scenarios to goals, by the same token it was important our previous knowledge of the goal oriented meta model proposed by Dardenne [3] .
Unlike Potts, we organize goals from the point of view of scenarios, so that a scenario hierarchy will be similar to a goal hierarchy. Like Potts et al, we give special attention to constraints and exceptions, which they named obstacles. We made a differentiation between constraints and exceptions, because exceptions require a special treatment and constraints signalize to important aspects of non-functional requirements [13] . It is also important to note that the BMV also has special treatment for non-functional requirements (see Figure 5) .
Future work will focus on continuing the use of the requirements baseline in real cases. Now besides Petrobrh who used it [ll] , there is a pilot experience going on in a major brazilian bank. We still do not have a solid prototype, the one used at the Petrobr6s case did not evolve to integrate the config-uration and the hypertext view, we continue working on the support for the original baseline and are now incorporating the scenario representation as well. We also plan to explore the hypermedia [6] capability of our model, which already has all the infrastructure to support such extension. We hope that a consolidation of the baseline, by experiences with real cases, will provide a more solid ground to the proposal of a requirements baseline as a knowledge base, and as such be amenable to automated analysis of different types.
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